Anti-Inflammatory Effects Of Antimicrobial Agents: An In Vivo Study  by Plewig, Gerd & Schöpf, Erwin
THE J OU HNAL OF I NVESTIGATIVE DEHMAT OLOGY, 65:532-536, 1975 
Copyright © 1975 by The Willi ams & Wilkins Co. 
Vol. 65, NO.6 
Print ed in U.S.A. 
ANTI-INFLAMMATORY EFFECTS OF ANTIMICROBIAL AGENTS: 
AN IN VIVO STUDY 
GEIlO PLEWIG , M .D. , AND EHWI N SCHOPF, M .D. 
Department of Dermatolngy, Univ ersity of Munich , Munich . West Germany (GP). and Departm ent of Dermato lngy. 
University of H eidelberg, Heidelberg, W est Germany (ES) 
Antim icrob ial s are used emperi ca ll y in a varie ty of in!l a mm atory dermatoses such as 
rosacea and dermat it is herpet iformis, a lthough these diseases a re not believed to be of 
bacterial etiology. We have used potass ium iodide ointment to induce folli cul a r pustules a nd 
have found in t his in vivo model prope rt ies of antimicrobia ls not related to t heir a ntibacteri a l 
actions. 
Topical demethylchlortetracyc line a nd erythromyc in (5 %) lead to suppress ion of KI-
induced innammat ion (erythema, pustu les) a nd systemic use of these drugs as well as 
diaminod iphenylsulfone prod uces the sa me effect. 
While investigating the inflammatory res ponse 
due to patch tests with potass ium iodide (KI) , an 
inhibi tory effect of concomi ta nt ly administered 
antib iotics was noted [1]. It was decided to con-
duct a larger series of in vivo ex perim ents to cla rify 
t he rol e of ant imicrobials in inhibiting intra folli cu-
lar abscess formation . 
These ex perim ents were des igned to disc lose 
properties of drugs not stri ctly related to their 
a nt imicrob ial actions, a clinica l observation known 
for many years in the treatment of infl a mmatory 
d erm atoses such as dermatiti s herpet iform is, 
ac roderm atitis atroph ica ns Herxheimer, rosacea, 
acne, beni gn lymphocyt ic infil t ratio n of t he skin , 
pus tu la r psori as is [2 ), a nd folli cu la r mucinos is [3 ). 
MATERIALS AND METHODS 
Experiments 
Two types of ex pe riments were performed: 
T opical therapy. The effects of top ica lly a pplied drugs 
were in vest igated . All pa tch tests were stand a rdi zed: on 
the upper bac k a 4 x 4 cm fi eld was ouLlined by tape 
(Leukos ilk, 1 1.1 cm, Beiersdorf, Germany). The area was 
covered with li bera l a mounts of 40% KI ointment (w/w in 
Unguentum Cordes, lch thyol Gesellscha ft, Germany); 
KJ = USP granular, Merck No. 4271, Rahway, N . J. , 
USA, or Kl = Merck No. 5044, Darmstadt, Germany). A 
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woven gauze with 40% Kl on one s ide was placed on top to 
ensure superhyd ration [4 ]. A 4 x 4 cm piece of pl as tic 
film covered the s ite a nd was occ luded wi t h imperm ea b le 
tape (Dermiclear, transparent, Johnson & J ohnson 
USA) . The opposite, sy mm etri ca l s ide of the bac k 
received a s imil a r patch ; however, the oin tm ent co ns is ted 
of a mixture of KI (40% w / w) a nd one of th e drugs 
ment ioned in T able I. If there were less th an 5 pus tules at 
24 hr the patch was rea ppli ed. This pa tch wa the n 
removed at 48 hr . 
Sys t emic th erapy . Orally administered drugs were 
invest igated . In a sc ree nin g test , 53 men we re exposed to 
10% a nd 40 % 1<1 concentrat ions in hydrophili c ointm ent 
(USP Torch La borator ies, USA). Seventeen of these 53 
men reacted to both conce ntra tions of 1<1 a nd were give n 
tetracyclines (tetracycline- HCI, 1500 mg; demethy l_ 
chlortetracycli ne, 600 mg) fo r 10 days. The patch tests 
were then repeated with both concentrat ions of K1. 
Therapy was cont inued during patc h testin g. 
Therea fter the effect of a variety of drugs give n ora lly 
to pa tients undergoing KI patch tests was invest igated 
(T ab . II). P at ients were tested before syste mi c the ra py 
and while rece iv ing the drugs. Subjects were female a nd 
ma le inpat ients and outpat ients of the Department of 
Derm ato logy, aged 16 to 46 yea rs. None had rece ived 
systemic therapy for a t lea t 4 weeks prior to th is study. 
[n a ll cases , co ntrol patch tes ts were done e ither s imulta_ 
.... eously or a few days or weeks a part on the sa me side of 
the upper back. Test mat eria ls were kept a t 4°C and not 
~tored for more tha n 6 weeks. 
Bacteriologv 
More than 40 pus tul es induced with 40 % KI , 40 % KI + 
to pi cal antimi crobia ls . and 40 % KT pust ules ra ised in 
patients rece iving sys temic thera py were studied . S mea rs 
from pustul e were Gram stained. A drop let of pus \Va 
co ll ec ted into Triton X-IOO . Stand ard sl rea k pl a tes were 
prepared from the homogenate on tryp ticase ~oy agar 
(TSA) for ae rob ic incubat ion a t 37°C for 48 hr and on 
case in yeas t extract lactate glucose aga r (CY LG ) for 
incubation in N 2 + 10% CO 2 at 37°C for 7 days 151. These 
cultures were done to iden( ify Sta phylococc us Or M icro-
cocc us or Propioniba cterium acnes (Col:v neba.cterium 
a.cnes group I) and P. gran.ulosu.m (C. acn.es group II) 
15,6]. 
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Scoring 
T he number or pustu les in each " x " cm patch tes t 
f ie ld was recorded at 24 and 48 hr. In the case or severe 
pus tu lar react ions. patches were removed at 24 hI'. 
Stat~t ~alana0~~ 
As eve r~' pat ient served as his ow n control in bot h 
experim ental des igns. pa ired co mparisons 0 (' the number 
of pustul es were made. The Wilcoxon matched- pairs 
s ig ned-rank tes t wa s used 171. Th is is a nonpa ra met ri c 
t es t whi ch is rough I. equi valent LO the paired t-test but 
d oes not require th e assumption 0(' a norm al probab ility 
di s t ribut io n. In the experimental des ign I t he num ber or 
pu s tu les ('rom the 40% Kl patch vs the 40% KI + 
a n t imicrob ials, and in experim ent al design II t.he number 
o[ p ustu les I'rom the 40% KI patches bel'ore and during 
sys te mic therapy we re co mpared. 
Contrul8 
Control wi th ointment base alone. plast ic occ lusion. 
a nd 5"; antimi crob ia l oin tment wit hout KI were used. 
RESULTS 
Patch tests with K1 produced fo lli cul ar pustul es, 
u s u a ll y within 24 hI'. P ustul es were often on an 
erythe mato us and edematous base. E ryt he ma a nd 
edema withou t pustul e formation a lso occurred in a 
few s ubj ects. The react ion was usua lly co nfined to 
the patch test areas, although spillage under the 
occ lus ive ta pes sometimes ca used erythe ma a nd 
pa pulopustules outs ide the patch test a reas be-
neath t he s trips of ta pe. 
T he pustules we re not caus.ed by bacteri a \1 J. 
TABLE I. Antibiotics and chemoth erapeutics tes ted 
topically (all concentrations were 5% (w/w) in a ](J 
(40%) ointment) 
Drugs No. of' No.of patient.s tria ls 
Tetracycline-He l 12 25 
Oxytetracycline to 20 
De rnethylchlortetracyc l i ne 15 15 
Erythromyc in [0 20 
Gentamyc in [6 30 
Penic illin G-Na 8 16 
Ampicillin 14 28 
Su lfa methoxypyrida zi ne 10 10 
Diaminodiphenylsulfone (DDS) 8 16 
Sm ea rs did not revea l bacteria except whe n a 
microco m edo 0 1' seborrh eic fi la m ent was incide n-
ta lly re moved , whi ch contained rods , most likely P. 
acnes . T he majority of pustu les was sterile. Micro-
cocci we re found in less than 10% of t he pustules 
(st reak pla tes). Sma ll numbers of P. gra nulosum 
were grown in a few ca es. S imilar ly P. oenes was 
rare ly recovered. C. aenes group I a nd II were 
iden t ified according to morphologic cri te ri a on 
streak plates [6 J. 
The most prominen t findin g was t he s uppress ion 
of erythe ma and pustules by eithe r top ica lly or 
systemica lly admi nistered a ntibiotics or chemo-
thera peu tics. Representative clinica l pictures are 
presen ted in Figures 1 a nd 2. 
Topical application. Diminution of pustul es was 
seen wi t h tetracyc lines , erythromycin , and long-
acting s ulfonamides. Erythema a nd edema were 
a lso dec reased. Q ue tiona ble or no inhibition was 
ac hi eved wi t h genta myc in , penic illin G-Na, am -
pic illin , a nd DDS. 
Quantitative data for DMCT and sulfamethoxy-
pyridazine a re given in Tables III a nd IV. A 
marked reduction (number of reactors, degree of 
reac t ion ) of abou t 50 % was ac hi eved with DM CT 
(Tab . III) after 24 hr, and over 60% a fter 48 hr in a 
group of 15 subjects. Thirtee n of 15 s ubj ects had 
less reaction in t he 1<I + a n t ibiotic-con ta ining 
patc h test as compared to t he 1<1 patch . Topica l 
applicat ion of' sulfamethoxypy rid az ine led to a 
simi lar , but less pronounced d epress ion of pustu les 
(Tab. IV), statistica lly, t hough of m a rgina l s ignifi-
cance. The mean number of pustules at 24 a nd 48 
hI' was halved . Seven of 10 subjects had e ither li ttle 
or no react ion in t he sul fo nam ide-contai ning patch 
vs the K1 patch . 
S ystemic treatment . From t he screenin g test 
with 17 men exposed to a n t ibiotics , qua li ta tive a nd 
quantitative an t i-infl am m atory properties of a n-
t ibiot ics could be expected (Ta b . V, Fig. 2) . T he 
number of reactors with pustules due t() K I de-
clined from 75 to 26% a nd even more so with t he 
higher K1 concentration (Tab. V). In t hose sti ll 
reacting to KI patch tests whi le receiving systemic 
antibiotics, t he degree of reaction (0 to 4 + ) was 
su,ppressed (Fig. 3). 
T etracyclines, erythromyc in , a nd t he s ul fo ne 
definite ly suppressed t he inflammatory react ion . 
TABU: II. Antibiotics and chemotherapeutics given orally at time of 40% ](J patch testing (range of therapy 7 to 30 days 
at time of patch testing) 
Ran~e or dosage No. of No.of Drugs at patch testing patients trials % Inh ibition (mgorU/doy ) 
Tetracycl i ne- H CI 1000- 1500 8 10 > 80 
Oxytetracyc l i ne 100- 200 8 8 80 
Demethylchlortetracycl i ne 600-900 13 13 > 80 
E rythromycin 1000- /500 8 8 > 80 
Penicillin G-Na 1.5 x 10' 6 6 none 
Ampicillin 2000-4000 6 10 none 
Diaminodiphenylsulfone (DDS) 100- 200 20 20 > 90 
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FIG . 1. Ty pical Kl-induced folli cul ar pustu les 48 hr 
afler occl usive appli cation of 40 % KI. Th ese are two 4 x 4 
em sites paravertebra lly on the upper back. 
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The most pronounced a nt i-infla mmatory respo nse 
was seen wi t h DDS. The penicillins showed li tt le 
suppress ion. Representative data are given in Ta-
bles VI and VII. In the subjects rece iving tet racy_ 
clines, t he mea n number of pustul es was reduced 
from a lmost 15 to 3 at 24 hr , a nd from 20 to 1 at 48 
hr (Tab. VI) . 
Following systemic t herapy wit h DDS, the pus -
t ul a r res ponse was reduced at 24 a nd 48 hr (Tab . 
VII). Thirteen subjects showed either a marked 
suppress ion or no react ion at all when rece ivin g 
DDS . Erythema and edema were suppressed 
within t he confines of the patches, even if the re 
were no pustul es . 
DISCUSSION 
Va rious a nt ibiotics, sulfonamid es, a nd sulfones 
have been used in the past to successfull y treat a 
F IG. 2. Anti -infl a mmatory effec ts of antibiotics . Top i-
cal applica tion of 5% DMCT + 40% KI (B) reduces 
inflammation as co mpared to cont rol patch (A) wi th 40% 
KI alone. Systemic t reatment with DM CT abolishes 
erythema, edema, a nd pustules completely (D) as com-
pared to cont rol patch (C). Both patches were done wi t h 
40% KI for 48 hr . 
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T ABLE III . T opical 5 % DMCT in 40% K1 ointment 
Sub-
jects 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 5 
Mean 
T 
P 
40 % KI 
28 
4 
11 
30 
19 
28 
33 
7 
0 
21 
0 
2 
3 
1 
0 
12.5 
Numbe r of' pustu les 
24 hr 
40 % KI + 5% 
DMCT 
35 
6 
4 
0 
6 
16 
9 
2 
0 
3 
0 
0 
0 
0 
0 
5.4 
9.0 
.02 
40 % Kl 
7 
50 
50 
50 
18 
32 
13 
12 
15 
9 
23.6 
48 hr 
40 % KI + 5 % 
DMCT 
16 
7 
30 
11 
2 
18 
0 
0 
1 
3 
8. 1 
3.0 
.005 
* Patch not repeated at 48 hr because of severe reac-
tion at 24 hr. 
TABLE IV. Topical 5% sulfamethoxypyrida zine (SMP) 
in 40% K1 ointmen.t 
Sub-
jects 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Mea n 
T 
P 
40 % K I 
6 
0 
50 
25 
0 
8 
0 
3 
0 
0 
9 .2 
Nu mbe r of' pustu les 
24 hr 
I 
40 % 1<1 + 5 % 
SMP 
0 
1 
40 
15 
0 
8 
0 
0 
0 
0 
6.4 
.08 
40 % 1<1 
12 
4 
10 
4" 
5 
8 
2 
0 
5.6 
48 hr 
40 % KI + 5% 
SMP 
0 
8 
2 
4" 
3 
4 
I 
0 
2.8 
3.5 
.14 
* Patch not repeated at 48 hr beca use of severe 
react ion at 24 hr. 
a Seve ra l pustul es broke from 24 to 48 hI' in terva l, 
therefore t he s mall er numbers of' les ions a t day :2. 
variety of inrl a mmatory diseases s howing e ither 
erythema, ves icl es, pustul es, o r g ra nul omas. These 
diseases a re believed of nonbacteria l or ig in . Exam-
ples includ e e ryth ema c hro ni c um mi g ran s , 
acrodermatitis c hron ica atroph icans, der m atitis 
TABLE V. Percent of subjects who react to KI 
Systemic t herapy with antib iotics suppresses pustules 
induced by KI patch tests. Fifty-three subjects (controls) 
were ex posed to two concentrations of Kl oin tment, 17 of 
t hese were subsequent ly given tetracycline-HCI 1500 mg, 
or DMCT 600 mg for 10 days. 
lO % KI 
40 % Kf 
Number of 
Subjects 
IJ 
" 
10 
Non . 
Reoclors 
Con t.ro ls 
(N = 53) 
74.9 
80 .7 
Syste mi c ant ib ioti cs 
(N = 17) 
25.6 
23.6 
FIr. . 3. Systemic a ntibiotics suppress KI -in duced follic-
ular pustules. Screeni ng ex periment with good react.ors to 
KI (N = 17). Dorher. striped bar,.; indicate pronounced 
reactions pri or to exposu re to antihiot ics (te t rae.\·-
cline- He l a nd DMCT). Stippled bars indica te the sup-
pressed react ion in these 17 subjects following sys tem ic 
tetracyc line trea t me nt . Twe lve subjects were m ade nOI1 -
reac ti ve to KI pa tch t.es ts . 
TABLE VI. Systemic antibiotic administration; effects of 
DMCT given orally 
Sub-jects 
1 
2 
, 3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Mea n 
T 
p 
Number of pusl ul es ill the 40 % 10 patch test 
24 hr 
before Rx during Rx 
0 
9 
9 
8 
0 
0 
2 1 
8 
5 
10 
50 
50 
9 
13.8 
3.5 
.005 
0 
0 
5 
5 
3 
2 
0 
0 
0 
0 
2 
3 
3 
1.8 
48 hr 
before Rx during Rx 
3 
29 
32 
33 
4 
4 
32 
4 
* 
30 
19.0 
2.5 
.02 
o 
o 
8 
6 
8 
4 
o 
o 
10 
4.0 
* Patc h not repeated at 48 hr because of severe 
react ion a t 24 hr. 
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TABLE VII. Systemic ~ul[one administration (effects of 
DDS g iven orally) 
Nurriber of pustules in the 40% KI patch test 
Sub- 24 hr 48 hr jeets 
before Rx during Rx before Rx during Rx 
1 1 1 42 1 
2 0 0 43 0 
3 5 3 21 5 
4 3 3 13 6 
5 0 0 8 3 
6 1 0 7 2 
7 10 0 27 4 
8 9 0 23 8 
9 0 0 14 3 
10 0 0 8 2 
\I 4 0 37 0 
12 9 0 32 I 
13 4 0 32 2 
14 3 1 24 2 
15 28 2 
16 33 0 
l 7 0 0 13 0 
18 0 0 5 3 
19 2 0 -I- -I-
20 6 0 -I- -I-
Mean 5.9 0.5 21.8 2.6 
T 0.0 0 .0 
P .001 .0001 
• Patch not repeated at 48 hr because of severe 
reac tion at 24 hr. -I- = not done. 
herpetiform is, rosacea, and fo lli cul a r mucinosis 
[2,3 ]. 
Why do a nt ibiotics, sulfona mides, or s ulfones 
work in these co nd it ions? They poss ibl y have 
a n t i-inflamm atory properties not ident ica l with 
t heir bacteri cid a l or bacte riostatic effects. One 
possibl e proper ty could be, for instance, t he inhibi -
tio n of perivasc ul ar leukocyte mi gration . To test 
this anti-infla mma tory hypot hes is, a n ex perimen -
tal rl esign was chose n to induce a m odest degree of 
infl a mmation . The KI patch tes t seemed suita ble . 
The pustul es in thi s test are not caused by bacte-
ria. Two procedures were undertaken. One was to 
deliver the drugs top ica lly. Occ lus ive condi t ions 
and superhydration were use ful prerequis ites. In 
t he second expe rim enta l des ign drugs were given 
orall y. After 7 to 30 days of system ic thera py 
reexposures with KI were m ade. 
The hypothesis t hat so m e a n t imicrobia ls would 
show a n t i-inflam m atory e ffects, proved correct. 
When tested top ica ll y, the tetracyc lines a nd eryth -
rom yc in were m ost active, es pec ia lly DMCT . S ul -
famethoxypyrida zine was a lso effective. Topica l 
peni cillin G-Na, amp icillin , or DDS were without 
effect. When tested systemical ly, the tetracyclines 
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and DDS were potent a nti -inflammatory drugs. 
Anions, such as iodides , have leukotactic proper-
ties (unpublished data). The pustules a re the 
resul t o f an irritan t dermati t is due to KI [1]. The 
fo rm a tion of pustul es, however , is not s pecific for 
KI , as other sa lts re lated chemically (e .g., NaI , 
KCl, NaCl) have similar effects, a lthough to a 
lesser extent (unpub lis hed data ). L ikewise , som e 
a ntimicrobial s have effects opposite to KI, for 
instance by antagonizing t he leukotactic effects of 
KI , namely by inh ibit ing leukotax is . It may be 
specu lated that leukocytes with t he ir potent t is-
s ue -destroy ing enzymes may perpetuate the chro-
nicity of various dermatoses. The prevention of 
leukotax is, that is inhibition of the format ion of 
cellular infil t rates , can be considered a helpful 
a djunct of these drugs . This, in fact, m ay be t he 
explanat ion for why certa in de rmatoses ob viou s ly 
not of bacte rial origin are benefitted by a n t imi _ 
crobia ls. T he poss ibility t hat inhibitiory effects of 
topically a pplied antib iotics could result from a 
chemica l binding between the a nt ibiotic a nd KI 
h as bee n rul ed out (unpublis hed d ata) . 
Recently, inhibi tory effects of tetracycl ine on 
leukotax is in vitro were reported .* In this report 
leukocyte migrat ion was studied us ing a modifi ed 
Boyden chamber. Random migration of whi te blood 
cells a nd chemotax is toward Mycoplasma pneu_ 
m oniae a nt igen were reduced by tetracyc line by 
30 to 60%.* Others have studied the effects of 
tetracyclines on the phagocytic function of human 
leukocytes [8 ]. Huma n leukocytes incubated with 
tetracyclines in vitro showed a decreased capac ity 
to phagocytize yeast a nd bacteria, a nd leukocytes 
h arvested from healthy voluntee rs a fter ingestio n 
of tetracycl ine ·a lso demonstrated decreased 
phagocytic capacity for yeast l8 ]. 
The ass istance of Dr. Corneli a Hofm an is kindly 
acknow ledged. 
REFERENCES 
1. Plewig G, Kli[(m an AM: F'ollikulare Pusteln im Ka li_ 
umj odid -Epicutantes t. Arch Derm ato l Forsc h 
242:137- 152, 1972 
2. Macm ill an AL, Champion RH : Ge nerali zed pustular 
psorias is trea ted with dapsone. Br J Derm atol 
88: 183- 185, 1973 . 
3. Kubba RK, Stewart TW: Folli cul ar mucinos is re_ 
sponding to dapsone. Br J Dermatol 91 :217- 220 
1974 ' 
4. Hojyo-Tomoka MT, Marpl es RR, Kli gman AM: Pseu_ 
do monCl8 infection in superhydrated skin . Arch 
Dermatol 107:723- 727, 1973 
5. Marples RR, Izumi AK : Bacteriology of pustul ar acne. 
J Invest Derm atol 54 :252- 255, 1970 
6. Marples RR, McG inl ey KJ: Cory neba cterium acn e 
and other anaerobic dinhl h p. roirl~ from human skin 
J Med Microbiol 7:349- 357. 1974 . 
7. Siegel S: Nonparametric Statistics for the Behavioral 
Sciences. New York, McGraw- Hill , 1956, pp 75- 83 
8. Fors[{rel1 A. Schm eling D, Quie PC: Effect of tet racy_ 
cline on the phagocyli · function of human leuko_ 
cytes . J Infect Dis 130:4 12- 415. 1974 
